TO THE EDITOR
Non-bullous congenital ichthyosiform erythroderma (NBCIE; MIM 242100) is a rare, autosomal recessive disorder characterized by prominent erythroderma and fine, white, superficial scales. Mutations in the transglutaminase 1 gene (TGM1) (Becker et al, 2003; Akiyama et al, 2001; Laiho et al, 1997) , the 12R-lipoxygenase gene, the lipoxygenase-3 gene (Jobard et al, 2002) , ichthyin (Lefèvre et al, 2004) and FLJ39501 (Lefèvre et al, 2006) have been identified as causal in human NBCIE.
Recently, mutations in the gene encoding the adenosine triphosphate (ATP)-binding cassette transporter protein ABCA12 (MIM 607800) have been reported to cause type 2 lamellar ichthyosis (LI; MIM 601277) (Lefèvre et al, 2003) and harlequin ichthyosis (HI; MIM 242500) Kelsell et al, 2005) . Until now, only a few cases of autosomal recessive congenital ichthyosis with ABCA12 mutations have been reported Thomas et al, 2006; Akiyama et al, 2007) .
In the present study, we have identified two novel ABCA12 mutations in two unrelated NBCIE patients. Interestingly, both patients presented with multiple skin malignancies including malignant melanoma (MM).
A 37-year-old Japanese female (Patient 1) had been suffering from NBCIE from birth and had MM on her left thigh (Fig 1a) . Since complete resection and adjuvant chemotherapy, no recurrence of MM had been observed for 4 years. At the age of 40, she presented with cutaneous lymphoma on her trunk (Fig 1c, d) . Patient 2 was a 42-year-old Japanese man with NBCIE, who had been treated with oral retinoids for decades, and developed cutaneous squamous cell carcinoma (SCC) on his neck the details of which have been described elsewhere (Arita et al, 2003) .
Recurrence of SCC has not been observed in the 5 years since complete resection was performed. At the age of 47, MM appeared on his left thigh (Fig 1b) . Neither patient had significant family history or apparent risk factors for carcinogenesis.
To elucidate the patients' genetic abnormality, blood samples were collected. All the experiments, skin biopsies and blood sampling were (Fig 1e, f) (Fig 1g, h ).
Electron microscopic examination of osmium tetroxide-fixed samples from lesional skin of Patient 1 revealed that in the cytoplasm of granular layer keratinocytes, abnormal, defective lamellar granules (LGs) were assembled together with some normal-appearing LGs (Fig 2a, b) . Electron microscopic findings from lesional skin of Patient 2 partly showed the similar features to those of patient 1, although they were intensely influenced by long-term retinoid treatment and were not consistent in the entire specimen.
Immunofluorescence studies of patients' skin performed as previously described (Akiyama et al, 1999) revealed that the intense ABCA12 staining seen in the granular layer cells of normal epidermis was absent in the both patients' epidermis (Fig 2c, e) .
Immunofluorescent staining showed that glucosylceramide, a major lipid component of LGs (Holleran et al, 1993; Vielhaber et al, 2001; Ishida-Yamamoto et al, 2004) was sparsely distributed in the upper layers of the patients' epidermis, compared with a more restricted, intense distribution in the granular layers of normal skin (Fig 2d, e) .
Culture of keratinocytes from patient 2 under high-Ca2+ conditions (2.0 mM) induced a large number of cells to express condensed glucosylceramide staining around the nuclei, whereas culture of normal human keratinocytes under the same conditions revealed a more diffuse staining throughout the cytoplasm (Fig 2f, g ).
Most ABCA12 mutations are known to lead to HI or LI. The growing number of cases leading to three types of autosomal recessive congenital ichthyosis (NBCIE, LI and HI) may be caused by an ABCA12 functional deficiency. Generally, mild ABCA12 dysfunction causes LI, and a serious loss of function leads to HI. However, only one patient with ABCA12 mutations was initially reported to show a NBCIE phenotype (Lefèvre et al, 2003) . It is now well-recognized that the phenotypic differences existing between NBCIE and LI phenotypes are not gene-specific and can even be found within homogeneous kindreds. The present cases further support the idea that an NBCIE phenotype can be caused by ABCA12 mutations.
Skin neoplasia occurring in congenital ichthyosis patients, including LI (Elbaum et al, 1995) , Netherton's syndrome (Krasagakis et al, 2003; Saghari et al, 2002; Weber et al, 2001) , ichthyosis hystrix (Stratigos and Tsambaos, 1995; Judge and McGibbon, 1994) , KID syndrome (Kim et al, 2002; van Steense et al, 2002; Hazen et al, 1989; Grob et al, 1987; Madariaga et al, 1986) , and MAUIE syndrome (Hendrix et al, 1997; Elbaum et al, 1995) , have been reported, although we cannot find any reports of MM and cutaneous lymphoma associated with congenital ichthyosis patients in the literature.
We cannot assume a direct association of ABCA12 mutations to skin malignancy in our patients, since ABCA12 is expressed mainly in keratinocytes, not in melanocytes or lymphocytes (Annilo et al, 2002; Peelman et al, 2003; Akiyama et al, 2005) . Defective ABCA12 function is thought to result in malformation of intercellular lipid layers in the stratum corneum of the patients. Due to this lipid barrier deficiency, the skin surface is likely to be easily irritated, resulting in a chronic state of inflammation. These recurrent and long-lasting irritation and inflammation processes may increase the likelihood of skin carcinogenesis, perhaps through promotion of tumor progression, although the exact mechanisms remain unknown. samples from typical HI patients harboring ABCA12 truncation mutations . Glucosylceramide, FITC (green); nuclear staining, propidium idodide (red). Bar = 10 micrometer.
